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Abstract 
Trinidad and Tobago like most other small developing island states is quite vulnerable to 
changes in Climate and Sea Surface Temperature (SST). Climate changes can affect the rainfall 
regimes, air temperature, soil moisture budgets, water resources and arable land usage. While 
changes in air and sea surface temperature can adversely affect coral reefs, mangroves, sea grass 
bed communities and fishery populations that depend on them for habitat and breeding grounds. 
Analysis of the temporal and spatial changes of SST over the years is an important way of 
understanding the present variability in the climate. This will then allow for an improved 
assessment of the susceptibility, vulnerability and risk that both humans and natural ecosystems 
may face because of the changes in the coupling interaction of the various components of the 
Earth’s environmental system. However, decision-making, management and developing 
environmental policies in this regard is seriously compromised due information poverty, i.e. the 
lack of data of effective and reliable information base.  
 
This paper advances a methodology to endure information poverty and to obtain and analyse the 
SST patterns utilising it as a proxy for determining the climate variability of Trinidad and 
Tobago. The methodology is based on obtaining, using and analysing available remotely sensed 
SST from the National Oceanographic and Atmospheric Agency (NOAA) via the Internet. As 
well as using available rainfall data. In the case of Trinidad and Tobago, the SST and rainfall 
data was obtained for the last 16 years. Mean monthly values of SST and rainfall for the period 
1986-1999 were then derived. The results indicate that variability in the climate is occurring. 
Furthermore, it shows that during the El Niño years 1986-87 and 1997-98, the SST were at a 
maximum while the rainfall fell to minimum. 
 
The preliminary results indicated the possibility of developing statistical associations between 
SST and land precipitation as well as the association between the SST-land precipitation pattern 
and external events such as the El Niño Southern Oscillation (ENSO) phenomenon. These ideas 
in turn can lead to investigating the association between the variability in SST and land 
precipitation on water resources and land use patterns that might lead to the possible prediction 
of the land precipitation patterns based on SST analysis. 
 
1. Introduction 
The climate system of this planet is a multifaceted system consisting of a network of inter-
dependent components which couple at various spatial and temporal scales the atmosphere, the 
biosphere, the cryosphere and the hydrosphere. Variabilities in the Earth’s Climate system can 
occur over a variety of spatial and temporal scales, but any variability occurring within this 
system is believed by scientist (IPCC, 2001) to be as a result of internal variability or unforced 
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internally generated climate variability; natural externally forced variability or anthropogenically 
external forcing. Any variability in the planetary climate system could pose a serious threat to the 
attainment of sustainable development for small island developing states such as Trinidad and 
Tobago. This is because changes to the climate1 can affect the air and sea surface temperatures as 
well as the rainfall distribution (IPCC, 2001). Change in rainfall distribution could in turn 
adversely affect soil moisture budgets, water resources (Singh, 1997 a, b) and arable land usage 
(Singh and El Maayer, 1998).. While changes in air and sea surface temperatures could 
negatively affect coral reefs (Hoegh-Guldberg, 1999), mangroves, sea grass bed communities 
and fish populations  of Trinidad and Tobago (IPCC, 1998). 
 
The main climatic variability which could potentially affect the climate of Trinidad and Tobago 
is the El Niño/Southern Oscillation (ENSO) phenomenon. Work done by Ropelewski and 
Halpert (1987, 1989, and 1996) clearly indicate that Trinidad and Tobago exists in a region 
(northern South America) which shows the most consistent ENSO-precipitation relationship 
compared with other regions of the globe. Research work has also been done by many other 
authors in determining the extent of the relationship of ENSO events and precipitation intensities 
on Trinidad (Rogers, 1988; Stone, 2003). However, these studies have not done work into:  
 
i. The derivation of a plausible method for SST data acquisition for Trinidad and Tobago 
ii. The variations in the trends of SST regimes for Trinidad and Tobago due to the El Niño 
and La Niña anomalies on a monthly basis over an extensive period of time. 
iii. The presence of any significant relationship in the trends of SST regimes and rainfall for 
Trinidad and Tobago due to the El Niño and La Niña anomalies. 
 
The lack of published information (i.e, Information Poverty) on areas above means that there has 
been no analysis done on the variations in the relationship between SST and rainfall for Trinidad 
and Tobago. Without this analysis, it would be difficult to determine how the El Niño and La 
Niña anomalies are affecting the climate. This lack of valid data and analysis would also make it 
difficult to determine the susceptibility or vulnerability of the natural ecosystems and man-made 
systems to variabilities in the climate. It should be mentioned that the acquisition of any data set, 
which can be used to mitigate information poverty, should be carried out with particular 
emphasis on accessibility and reliability as well as the quality and reproducibility of the data sets 
(SOPAC, 2001). 
  
The paper aims to develop a method for SST acquisition and determine trends in SST and 
Rainfall during El Nino Years for Trinidad and Tobago using available and easily accessible 
datasets over the Internet.   
 
2. PREDICTING CLIMATE CHANGE IN TRINIDAD AND TOBAGO 
Based on the atmosphere-ocean2 coupling interaction it can be assumed that any fluctuation in 
either one of these two major components of the Earth’s climate system perturbs the other which, 
in return, accentuates or, on the contrary, stabilizes the fluctuation of the other (Bjerknes, 1969). 
In fact, the potential for low frequency changes in SST to influence climate can be seen in the 
many analyses of the joint variability of Sea Surface Temperature Anomalies (SSTA), 




tropospheric pressure and wind fields (e.g. Wallace et al. 1990; Deser and Blackman 1993; 
Kushnir 1994; Trenberth and Hurrell 1994). Further demonstration of the relationship between 
SSTA and land climate (especially rainfall), has been demonstrated by Folland et al. (1986). 
Based on these analyses it can be assumed that any variability in the SST of a country, from the 
long-term mean, can act as an indicator for showing climatic anomalies or general climate 
variability. Therefore, through the provision of accurate data on oceanic parameters (especially 
SST data) and rainfall distribution it may be possible to undertake a more accurate assessment of 
the extent to which the El Niño/Southern Oscillation anomaly is affecting the climate of Trinidad 
and Tobago. 
 
3. The Study Area 
The republic of Trinidad and Tobago is the most southerly of all the Caribbean nations and can 
be found between 10? 2?and 11? 12? North latitude and between 60? 30? and 61? 56? West 
longitude. Trinidad, the larger island, lies some 12 km (7 mi) off the South American mainland, 
and is the only Caribbean island located in the estuarine basin of the Orinoco and Amazon 
Rivers. The small island of Tobago is situated 30 km to the northeast of Trinidad. The map 
below shows the position of Trinidad and Tobago relative to Venezuela, which is located on the 
South American mainland.  
 
4. Methodology 
4.1. Obtaining SST data. 
 
Due to the lack of ‘local’ data sets, it was necessary to obtain the SST data via the Internet. 
Consequently, Internet searches and literature reviews were done by targeting organisations h 
satisfiying  the following criteria: 
i. Compiled accurate and valid SST data for Trinidad and Tobago  
ii. Makes it easily accessible 
iii. Allowed for free accessibility. 
iv. Must be a reputable and respected scientific organization. 
v. Must be acquired using satellite remote sensing. This method of data 
collection ensures for a large spatial coverage of the oceanic realm on a 
regular temporal basis.  
Based on the criteria set out above the organisation chosen was the National Ocean and 
Atmospheric Agency (NOAA), USA.  
 
NOAA was chosen as the source to acquire SST for Trinidad and Tobago because:  
i. This organisation uses NOAA -7, -9, -11 and -14 polar orbiting satellites to 
gather SST data using a multichannel Advance Very High Resolution 
Radiometer (AVHRR).  
ii. NOAA processess and archive SST for every country around the world at the 
Physical Oceanography Distribution Active Archive Center (PO.DAAC). 
located at the Jet Propulsion Laboratory in Pasadena, California in the United 
States of America.  
iii. The SST data supplied by NOAA is used by the scientific community around 
the world because it is reliable and of very high quality.  
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Figure 1 shows the location of Trinidad and Tobago (adapted from mapquest.com)   
 
iv. NOAA makes SST data freely available to the public either through a website 
on the internet or on an eight millimetre magnetic tapes which is mailed 
without cost to the perspective researcher.  
 
The raw SST data that is available at NOAA is in three formats, namely: Hierarchical 
data format (HDF), Binary format and ASCII format. The SST data that was downloaded 
(i.e collected) for this investigation was done in the form of ASCII data. ASCII data 
format was chosen since data in this format does not require the use of any complex 
software to view it. The SST data collected for this study was done using an “AVHRR 
Ocean’s Pathfinder Subset tool”. The SST data collected was for the following area:   
latitude   (10? 2?and 11? 12? North ),  longitude (60? 30? and 61? 56? West ) 
 
Through the use of the internet, the ASCII data showing the monthly 9km resolution (the 
highest resolution available) SST data for a period of thirteen (13) years was downloaded 
and saved onto a Compact disc. 
 
4.2. Acquisition Of Land Precipitation Data 
This data was retrieved from the Meteorological Offices of Trinidad and Tobago which is 
located at Piarco International Airport. 
 
5. Results and Analysis 
The ASCII data that was retrieved from NOAA had to be accessed  via the “ Surfer 
Software”, which is proven to be easy to access and capable of accommodating the large 
volume of SST data derived from NOAA. 
  
The SST and rainfall data for each month in the time period 1986-1998 were averaged such 
that the mean monthly value could be found. 
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The data above was then export into Microsoft Excel to produce Graphical illustrations 
showing the relationship between mean monthly SST  (Fig 2) and mean monthly land 
precipitation (Fig 3) for each month over a thirteen (13) year period (1986-1998) . 
 
The variability in SST and land precipitation between 1986-1998 may be either as a result of 
climate variability caused by natural variability (as is the case with the ENSO phenomena) or 
through anthropogenic forcing (arising from greenhouse warming of the atmosphere). 
However, based on the results of the graphs, the most likely cause of the variability in SST 
and land precipitation over the thirteen (13) year period may be as a result of the ENSO 
phenomenon. Evidence to support this claim comes from observation of SST and land 
precipitation trends over the times of ENSO events. 
 
Especially strong ENSO events occurred in 1982-1983 as well as 1986-87 and again in 1997-
98 (Ahrens 1999). Based on figures 2 and 3, large variability in the SST and land 
precipitation was detected in the time period 1986-87 and 1997-98. The El Niño event for the 
period 1991 to 1995 was a weaker El-Niño than the 1982/83 event, but it was much more 
long- lasting. During this time period almost all the graphs from figures 2-3 showed moderate 
variability in land precipitation and SST as compared to the period 1986-87 and 1997-8. It 
must be pointed out that the temporal period of thirteen (13) years is to short a time frame to 
determine with a high degree of certainty if El-Niño events are responsible for the extensive 
variation in the climate of this country. If however, the El-Niño events are responsible for the 
variability in the climate of this country over the thirteen (13) year period then it must be as a 
result of teleconnections between the El-Niño events in the Pacific and the climate of this 
country. The teleconnection between the El-Niño events and the climate of this country will 
most likely be through two links. The first link is a chain of atmospheric processes carrying 
information from the local vicinity of the El-Niño SST anomalies throughout the global 
climate system. The carriers of this information from the El-Niño SST anomalies to the 
global climate system is rain-producing cumulonimbus clouds. These clouds represent the 
principal agents for exchanging heat from the Earth’s surface, and thereby communicating 
the El Niño’s presence to the free atmosphere. The production of these clouds cause 
extensive rainfall in some parts of the world at the expense of rainfall in other regions. 
During the El-Niño years the SST has a tendency to be higher but the land precipitation tends 
to be lower than normal.  
 
The ability of the ocean or more specifically the ocean’s SST to affect land precipitation 
patterns during the El Niño years was discovered from the study of the anomalous warming 
of the east equatorial Pacific Ocean during this event. For in the El Niño years, the warming 
of the Eastern Pacific acts to increase the precipitation in that region but occurred at the 
expense of rainfall elsewhere (often resulting in drought over the western Pacific archipelago 
(e.g. Ropelewski and Halpert 1987, 1989; Kiladis and Diaz 1989)).  
 
The second link by which El-Niño events are able to affect the climate of this country is 
through the horizontal communication of El-Niño’s presence and this occurs through the 
atmosphere’s sensitivity to shifts in tropical rainfall. Observations made by numerous 
scientists reveal the presence of a wave train having alternating low and high pressure that 
follows a “great circle” route in the upper atmosphere; its emanation is from the region of 
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anomalous equatorial Pacific precipitation and can be viewed as the forcing response of the 
atmosphere to the new tropical energy sources and sinks associated with El-Niño events 
(Bjerknes 1969). One of the possibilities that may explain the 1-year lag between 
precipitation and SST is the fact that the atmosphere takes about 1 year to adjust to the higher 
SST caused by the El-Niño events.  
 
Figure 2 shows a general increase in the SST over the past thirteen (13) years. This increase 
in SST indicates that there may be an increase in the global atmospheric temperature over 
this time period. The increase in global atmospheric temperatures may be as a result of 
greenhouse warming. If greenhouse warming continues it could bring about ever increasing 
ocean temperatures, which in turn may cause internal climatic variability such as El Niño 
/Southern Oscillation (ENSO) phenomenon to occur much more regularly (Sun, 1997; 
Trenberth and Hoar, 1997). This increase in the occurrence of the El Niño /Southern 
Oscillation (ENSO) phenomenon would produce variabilities in the precipitation patterns in 
most countries. For according to Hurrell (1995), “the recent warming may be related to 
increasing tropical ocean temperature that has led to an enhancement of the tropical 
hydrological cycle”. When long rainfall records have been averaged over land areas (post-
1900), there is a small upward trend in rainfall globally of one percent (1%) and there are 
much larger areas of rainfall increase than of decrease (Houghton et. al. 1996). However, it 
must be noted that the comprehension of global trends in rainfall and their attribution to 
global warming are elusive at best and benefit from ancillary analysis, such as through 
modelling, to achieve added plausibility.  
 
6. Conclusions  
 
The outcomes from this work indicate that; 
i. Fluctuations in the curves of monthly mean SST with monthly mean land precipitation 
indicate some level of variability is taking place in the climate of Trinidad and Tobago. 
ii. There was a general increase in mean monthly SST for each month over the 13 year period. 
iii. The strong ENSO events of 1986-1987 and 1997-1998 are shown by a sharp rise in SST 
and a sharp drop in precipitation. 
iv. The general trend shown was where there was an increase in SST there was a decrease in 
land precipitation. However, in the subsequent year this trend was reversed i.e. the SST 
dropped to a minimum while the precipitation rose to a maximum. 
 
These results were obtained using a method which employed satellite derived monthly “day” 
SST data (of resolution nine (9) kilometres) which has an accuracy of + 0.5 oC. This method is 
designed to allow researchers to easily derive SST data over the internet as well as allow them to 
readily open the data in inexpensive software. Since this method is simple and inexpensive, it 
would be possible for any Caribbean island to acquire SST data as well as determine the trends 
of SST around a specific island over a selected period. However, this method has limitations in 
the sense that the data only spans thirteen (13) years and no “ground truthing” was done to verify 
readings.  
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Figure 3 shows the variations in Mean Land Precipitation / mm for each month over 







































The method used can be improved through the acquisition of SST data from multiple 
sources (e.g. SST data could be derived from NOAA (nine (9) kilometre resolution for 
the period 1985-2003), from Ships (available at NOAA’s World Ocean Database 2001) 
and from CPACC (Caribbean Planning for Adaptation to Global Climate Change)). With 
the acquisition of datasets from multiple sources, it would be possible to compare and 
possibly choose one based on its level of accuracy and completeness over an extensive 
period. Once this has been done it would be possible to establish a long-term SST mean 
and determine the deviations (or SST anomalies) from this mean during external events 
such as ENSO. With respect to the rainfall data, multiple datasets (derived from Caroni 
(1975) limited and the Water and Sewage Authority of Trinidad and Tobago) must also 
be sourced in order to derive a rainfall dataset, which will provide a full spatial coverage 
of Trinidad and Tobago over an extensive temporal period. 
 
Based on the preliminary results of this investigation, it can be concluded that further 
statistical analysis is required in order to develop statistical associations between SST and 
land precipitation as well as the association between the SST-land precipitation pattern 
and external events such as the ENSO phenomenon. These relationships, in turn, can lead 
to future research into the association between the variability in SST and land 
precipitation on water resources and land use patterns in Trinidad and Tobago. The result 
of such research might some day lead to the possible prediction of the land precipitation 
patterns in Trinidad and Tobago based on SST analysis. 
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